Redox potential has principal influences on formation and attribute of soils, so it is necessary to research the measurement of soil redox potential. The self-made potentiometer and two indigenous FJA-5 potentiometers were employed to measure the Eh values of fir forest soils in situ, which lay in Savage Sea Beauty Spot in Sichuan Province. Simultaneously fresh soils in situ were collected and made into suspensions with various soil-water ratios and standing time to measure Eh values. The results demonstrated that the total tendency of Eh values measured by the self-made potentiometer was gradually falling with soil-water ratios increasing and standing time prolonging. There is a great difference between Eh values measured in laboratory and in situ. Only in situ may the measured Eh values show realistic oxidation-reduction conditions and formation characteristics of forest soil. The self-made potentiometer has a more preferable performance than indigenous FJA-5 potentiometers and it can be applied to measuring forest soil Eh in situ.
Introduction
Redox reaction is one of the most basic forms of material motion in nature and a vital dynamic phase in soil formation. Redox potential is an intensity index, which decides the direction and extent of redox reaction, and is used for estimating soil's redox ability and showing clearly morphological characteristics and mobile performance of mineral elements in soil profile [1] . So far, Eh value has been mostly measured in soft hydromorphic soils, such as paddy soil [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . For unhydromorphic soils, their Eh values were usually measured after the soil was made into suspensions or disposed else [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However there are fewer researches on measurement of the forest soil redox potential. The environment and substance composition of soil itself have an extremely profound impact on redox potential, so it is important to research the methods and technologies about measurement of forest soil Eh.
Materials and Methods

Developing Redox Potentiometer Alone
At present most of redox potentiometers made in China are matched with acidimeters. They are usually used to measuring pH and Eh in soil solution. Sometimes they contribute to detect Eh values in paddy soils or other soft sediment. Hence the special redox potentiometer for the forest soil Eh was made by ourselves and its measured results would be compared with the indigenous FJA-5 potentiometers' results.
A self-developed platinum electrode, a commercially available saturated calomel electrode and a DT-9205B multimeter were combinated into the self-made potentiometer (Figure 1) . It is necessary to adjust the potential of platinum electrode before measurement so that exact and stable Eh values can be obtained [22] [23] [24] [25] . In addition the sand core lies in bottom of saturated calomel electrode should be slightly immersed in saturated KCl to decrease the disturbance of liquid junction potential as far as possible [26, 27] . were between that of two FJA-5 potentiometers. And what's more, the distance between platinum electrode and saturated calomel electrode ought to be near (1 -3 cm), which could lower the resistance and determinate error.
Opened the power supply of DT-9205B multimeter linked with the self-made potentiometer and record the numerical value in display screen after it was stable. When the amplitude of fluctuation of the numerical value was less than 1 mv in five minutes, the value was deemed to be stable. Here it was emphasized that the numerical value in display screen only meaned the potential difference between platinum electrode and saturated calomel electrode instead of Eh value. The Eh value must be the summation of this potential difference and the constant potential provided by saturated calomel electrode at corresponding temperature. Simultaneously opened the power supply of FJA-5 potentiometers and the numerical value in display screen was exactly the Eh value. After finishment of Eh measurement in Layer A d , all electrodes were taken out and washed by distilled water, then they were cleaned by dry filter papers to continue measuring Eh values of Layer B 2 with the same method. Eh values of each layer were repeatedly measured three times. Furthermore fresh soil of both Layer A d and Layer B 2 were collected, preserved with fresh-keeping packaging and brought back to laboratory. 10 g fresh soil samples were weighed and put in 50-ml beakers with high pattern in which additional distilled water with different volumes were mixed and suspendsions with different soil-water ratios were formed. These suspensions had five soil-water ratios together, that was, 1:1, 1:2, 1:3, 1:4 and 1:5. As far as they were formed, the standing time was began to be recorded, which was respectively 0, 1, 2, 6, 12, 24, 48, 96, 144, 192 and 240 hours. Then Eh values were measured under varied soilwater ratio and standing time by the self-made potentiometer and FJA-5 potentiometers. As same as in situ test, Eh values were repeatedly measured three times. At last average values were worked out to draw the curve graph where Eh values were changing with changed soilwater ratios and standing time.
Results and Discussion
Laboratory Analysis
The Eh values measured by the self-made potentiometer were gradually falling with soil-water ratios increasing and standing time prolonging (Figure 2) , whereas the Eh values measured by FJA-5 potentiometers were sometimes high and sometimes low, and irregular (Figures 3  and 4) . The approximate tendency of Eh values of various suspensions with incremental soil-water ratios and prolonged standing time could be analysed according to Nernst Equation
If soil-water ratio is smaller, the concentration of redox systems in soil is higher, the oxidizing matters' oxidation capability is more powerful, even the concentration of oxidizing matters (OX) is greater than that of re- ducing matters (RED), then the Eh value is higher. However, with soil-water ratio amplifying, the concentration of redox systems is decreasing little by little, the reducing matters' reduction capability is just improving and this moment the concentration of reducing matters (RED) will exceed the oxidizing matters (OX), as a result the Eh value is falling by degress. Furthermore soil is isolated from the atmosphere outside more and more seriously when standing time is infinitely prolonging, the reduction condition is more and more superior, and then the concentration of reducing matters (RED) is more and more greater. Thereupon the Eh value will be more and more lower. From what had been analysed above, the approximate tendency of Eh values measured by the self-made potentiometer was coincident with the consequence deduced from Nernst Equation, while the total trend of Eh values detected by FJA-5 potentiometers was not. Willis (1932) , Quispel (1947) and Bohn (1968) considered consensually that Eh was related to water levels, moisture content, soil structure and the amount of oxidational and reducible materials as well as it was only possible to detect oxidation-reduction conditions in soils when the measurements were carried out in situ after making Eh measurements on soil pastes or suspensions [18, 29, 30] .
In Situ Analysis
Eh values measured in situ were showed by Table 1 . In order to examine the precision and reappearance, coefficient of variation was employed. It was noticed that '0' ( Table 1) should not be involved in averaging when calculating coefficient of variation.
It was clear in Table 1 that coefficient of variation of Eh values got from the self-made potentiometer was much less than 1%, while that of values got from FJA-5 potentiometers was much bigger. Thus it was considered that the measurement results of the self-made potentiometer had relatively higher precision and better reappearance.
Soil redox potential is closely related to moisture, porosity, ventilated extent and content of organic matter [1, 6, 9] , so them of soil in situ were revealed in Table 2 opposite. It has been proved that oxidation processes occupy primary superiority in formation of forest soil, however moisture and organic matter often accumulate in surface layer so that redox potential of surface soil will be lower than that of bottom soil [31] . This difference may vary from several or dozens of millivolts to hundreds of millivolts. Usually there is a buffer slightly influenced by moisture and organic matter below Layer A 1 , such as Layer A d [31] . In summary, Eh values measured by the self-made potentiometer could objectively reflect the oxidation-reduction conditions and formation characteristics of forest soil in field. The significance of difference between Eh values measured by the self-made potentiometer and by FJA-5 potentiometers was tested. Similarly "0" ( Table 1) should not be involved in averaging and the test results were displayed in Table 3 . It was found in Table 3 that the interclass differences (△ & ▽) were not significant (P > 0.05) regardless of Layer A d or B 2 , while in interblock differences, except that the difference between Eh values of Layer A d measured by the self-made potentiometer and by the first FJA-5 potentiometer (○ & △) was not significant (P > 0.05), the others were very significant (P < 0.01). This test manifested that the measurement results of the self-made potentiometer had higher precision and accuracy than FJA-5 potentiometers. The measurement results obtained from FJA-5 potentiometers were hardly able to reflect the oxidation-reducetion conditions and formation characteristics of soil in field.
To move forward a single step, significance of differences between Eh values measured in situ and in laboratory by the self-made potentiometer were tested. The result demonstrated that there was a significant (P < 0.05) or very significant difference (P < 0.01) between Eh values measured in situ and at each soil-water ratio and standing time in Layer A d (Appendix 1), and that for Layer B 2 , only exsited very significant difference (P < 0.01) (Appendix 2). So it is safely concluded that if for- est soils are brought back to laboratory and made into suspensions for redox potential, there will be a great difference compared with the measurement in situ and the Eh values measured in suspensions cannot completely reflect the actual oxidation-reduction conditions of forest soil.
Conclusions
For resreaches on redox process of unhydromorphic soils such as forest soil, if soil samples are made into suspensions, their Eh values will change with changed soilwater ratio and standing time and it is difficult to determine appropriate soil-water ratio and standing time. The Eh values measured at varied soil-water ratio and standing time have significant or very significant differences with that measured in situ. So Eh measurement in situ should be gradually promoted.
The methods and technologies about measurement of unhydromorphic soil Eh in situ still need to face a lot of problems and challenges in study on soil electrochemistry. Through preliminary analysis on Eh values measured in situ and in laboratory, it can be definitely deemed that the measurement results of the self-made potentiometer have relatively higher precision and accuracy and that the self-made potentiometer can be applied to measuring forest soil Eh in situ. 
Appendix 1 Significance of differences between Eh values measured in situ and in laboratory (Layer A d ).
